Amendment under 37 C.F.R. § 1.111 
USSN 09/918,508 

REMARKS 

In this Amendment, claims 1-8, 20 and 21 are amended, claims 28 and 29 are added, and 
claims 9-19 and 22-27 are withdrawn from consideration. Therefore, after entry of this 
Amendment, which is respectfully requested, claims 1-8, 20, 21, 28, and 29 will be all of the 
claims pending in the application. 

Initially, Applicants note that, while the Examiner indicated in the Office Action that 
signed and initialed copies of Applicants' PTO Form(s) 1449 were attached to the Office Action, 
no PTO Forms- 1449 were in fact attached. Accordingly, Applicants respectfully request that 
such be attached to the next correspondence from the patent office. Specifically, Applicants 
request signed and initialed copies of the PTO Forms- 1449 accompanying the Information 
disclosure Statements of November 5, 2001, August 22, 2002, and December 13, 2002. 

Claims 1 and 20 have been amended to recite a step of comparing test samples with 
control samples. These amendments are supported by the specification at, for example, page 31, 
first full paragraph, as well as by original claim 20. 

Claim 4 has been amended to recite that the lowered histidine kinase activity is due to a 
defect in a histidine kinase gene. This amendment is supported by the specification at, for 
example, page 46, line 10, describing the transformation of TM182 (SlnlA), an slnl genetically 
defective strain. 

Claim 8 has been amended to recite a "partially transmembrane region-deleted type 
cytokinin receptor. This amendment is supported by the specification at, for example, page 22, 
line 5. 
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In addition, Applicants have amended claims 1-8, 20 and 21 to more particularly state 
that which Applicants regard as their invention. These Amendments are not intended to be 
narrowing, but are merely intended to impart clarity. 

Applicants assert that no new matter has been added. Accordingly, Applicants 
respectfully request that the Amendment be entered into this application. 
I. Objections to the Specification 

(1) At page 2 of the Office Action, the Examiner objects to the disclosure because it 
contains an embedded hyperlink, and/or other form of browser-executable code, on pages 12 and 
22. 

Applicants have deleted the browser-executable code as required by the Examiner. 
Accordingly, Applicants respectfully request that this objection be withdrawn. 

(2) At page 2 of the Office Action, the Examiner objects to the Specification because of 
the use of the following trademarks: Takara Herculase , Takara LA taq , Phytagel 
Oligotex™, and FPLC pure™. The Examiner requires that all trademarks be capitalized 
wherever they appear and be accompanied by generic terminology. 

Applicants have amended the Specification to use all capital letters with trademarks, and 
have amended the specification to contain generic terminology. As such, Applicants believe that 
the Specification is in full compliance with the Examiner's requirement. Applicants respectfully 
request withdrawal of this objection. 
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II. Objections to the Claims 

At page 2 of the Office Action, the Examiner indicates that claim 8 contains a misspelling 
of the word "cyctokinin." 

Applicants have corrected the misspelling as required by the Examiner, and request 
withdrawal of this objection. 

III. Claim Rejections Under 35 U.S.C. § 112, Second Paragraph 

At page 3 of the Office Action, claims 2-4, 8, 20 and 21 are rejected under 35 U.S.C. § 

1 12, second paragraph, as being indefinite. 

(1) The Examiner states that the phrase "a cell having a function of directly 
controlling cell growth by intracellular signal transduction" renders claim 2 indefinite, because 
the cytokinin receptor has this function and not the cell. 

Applicants have amended claim 2 to attribute the function of controlling cell growth to 
intracellular signal transduction from the cytokinin receptor. This amendment is not intended to 
be narrowing, but is intended to more clearly state the source of control for growth of the 
transformed cell. Applicants respectfully request withdrawal of this rejection. 

(2) The Examiner states that claim 3 is indefinite because, as written, the cell has a 
lower histidine kinase activity than itself. 

Applicants have amended claim 3 to clarify that the host cell has a "lowered intrinsic 
histidine kinase activity." This amendment is not intended to be narrowing, but is intended to 
clarify the property of the host cell as having a lowered intrinsic histidine kinase activity. 
Applicants respectfully request withdrawal of this rejection. 
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(3) The Examiner states that claim 4 is indefinite for the reason that claim 3 is 
indefinite above, and in addition, the Examiner contends that the term "intrinsic" is itself 
indefinite. 

First, Applicants have amended claim 4 to clarify that the host cell has a "lowered 
intrinsic histidine kinase activity." Regarding the term "intrinsic," Applicants assert that this 
term is riot indefinite as it is a term of art that refers to the native activity of a cell. Accordingly, 
Applicants respectfully request withdrawal of this rejection. 

(4) The Examiner states that the term "natural form" renders claim 8 indefinite since 
forms of different structure could occur in nature. 

Applicants have amended subpart (d) of claim 8 to recite a "partially transmembrane 
region-deleted type cytokinin receptor." Applicants further submit that a "partially 
transmembrane region-deleted type cytokinin receptor" is sufficiently defined in the specification 
at page 22. This amendment is not intended to be narrowing, but is merely intended to impart 
clarity. Accordingly, Applicants submit that claim 8 is not indefinite and respectfully request 
withdrawal of this rejection. 

(5) The Examiner states that the term "section" renders claim 20 indefinite and that 
the phrase "based on the difference obtained by comparison" renders claim 21 indefinite. 

Applicants have amended claim 20 to avoid the use of the term "section," This 
amendment is not intended to be narrowing, but is intended to impart clarity to claim 20. 
Accordingly, Applicants assert that claim 20 is not indefinite and Applicants respectfully request 
that this rejection be withdrawn. 
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Regarding the phrase "based on the difference obtained by comparison," Applicants have 
amended claim 20 to more clearly recite a comparing step. This amendment is not intended to be 
limiting but is merely intended to clarify the claimed subject matter. Accordingly, Applicants 
respectfully request that this rejection be withdrawn. 

IV. Claim Rejections Under 35 U.S.C. § 112, First Paragraph 

(A) At page 4 of the Office Action, the Examiner rejects claims 1-8 and 20-21 under 

35 U.S.C. § 1 12, first paragraph, as failing to comply with the enablement requirement. 
Specifically, the Examiner contends that claims 1-8 and 20-21, while enabled for methods 
wherein the cytokinin receptor comprises SEQ ID NO: 2, 4 or 6, are not enabled for methods 
involving any cytokinin receptor, or a cytokinin receptor wherein the receptor comprises SEQ ID 
NO: 2, 4, or 6 with deletions, substitutions, or additions of a plurality of amino acids. 

Applicants respectfully submit that the specification enables the full scope of the claims. 
For example, from the last paragraph of page 23 to page 25, line 12, the specification describes 
the structural characteristics of cytokinin genes as recognized in the art. Thus, Applicants submit 
that the specification provides adequate guidance to enable a skilled artisan to use any cytokinin 
gene with the claimed method, and further, the specification provides adequate guidance to 
enable a skilled artisan to use the claimed method with a cytokinin receptor having additions, 
deletions or substitutions of one or a plurality of amino acids, since the specification teaches the 
important structure and identifying characteristics of a cytokinin gene. 

Accordingly, Applicants respectfully request reconsideration and withdrawal of this 
rejection. 
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(B) At page 5 of the Office Action, claims 1, 3-8, 20, and 21 are rejected under 35 
U.S.C. § 112, first paragraph, because in the Examiner's opinion, the specification is enabling for 
a method of analyzing agonist activity by measuring cell growth, but does not provide 
enablement for methods of analyzing agonist activity by measuring intracellular signal 
transduction. The Examiner contends that the level of the art is such that cytokinin receptors are 
not sufficiently understood such that one skilled in the art could practice the invention in ways 
other than measuring cell growth. 

Applicants respectfully submit that the Examiner has mischaracterized the state of the art, 
and further, Applicants submit that the present specification provides sufficient guidance for 
determining cytokinin activity by measuring intracellular signal transduction from the cytokinin 
receptor. For example, page 29 of the specification provides guidance in determining 
intracellular signal transduction by assaying for histidine kinase activity, and one skilled in the 
art understands that histidine kinase activity can be used as an assay for cytokinin receptor 
activity. In addition, Estelle, cited by the Examiner as evidence of the state of the art, indicates 
that the histidine kinase pathway and the G-protein-coupled receptor pathway are well 
characterized (see abstract). In addition, Applicants submit that Estelle was published three 
years before the present application's filing date (1998), and as such Estelle is not a good 
indication of the state of the art as of 2001. 

Also, Nature, 409, 1060-1063 (2001), provided with attached section 131 Declaration, 



shows that the histidine kinase pathway is involved in transducing the intracellular signal for 
cytokinin receptors. 
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V. Claim Rejections Under 35 U.S.C. § 103(a) 

At page 6 of the Office Action, claims 1, 2, 6-8, 20 and 21 are rejected under 35 U.S.C. § 

103(a) as obvious over Benfey et al. (U.S. Patent Application Publication 2002/0173017), in 
view of Iwamura et al., J. Medicinal Chem. 26:6 838-44 (1983). Specifically, the Examiner 
states that Benfey et al. teach: (1) the WOL gene, (2) plant cells transformed with recombinant 
constructs expressing the WOL gene, (3) identification of ligands to the WOL cytokinin 
receptor, (4) that WOL is a two-component signal transducer, (5) methods for identifying 
compounds that modulate the activity of a WOL polypeptide, and (6) that the WOL gene 
products may be expressed in yeast. The Examiner admits that Benfey et al. do not teach a 
method for analyzing agonist activity wherein intracellular signal transduction is measured. 

The Examiner states that Iwamura et al. teach a method of exposing cells expressing 
cytokinin receptors to cytokinin receptor agonists and antagonists, and further teach measuring 
cytokinin receptor activity by measuring cell propagation. 

The Examiner states that it would have been obvious to a person of ordinary skill in the 
art to modify the method as taught by Benfey et al. by measuring changes in signal transduction 
as taught by Iwamura et al. The Examiner states that the motivation to combine the teachings of 
Benfey and Iwamura is provided by Iwamura et al., where Iwamura et al. teach measuring the 
effects of agonists on cytokinin receptors, and the WOL gene as taught by Benfey et al. is a 
cytokinin receptor. 

Applicants submit that the present invention was invented by Applicants before the filing 
of the Benfey provisional application 60/253,739 filed on November 29, 2000. As established 
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by the attached Declaration Under 37 U.S.C. § 1.131 1 , the present inventors are co-authors of the 
manuscript published as Nature, 409, 1060-1063 (2001) (cited in Applicants' Form-1449 
accompanying the August 22, 2002 Information Disclosure Statement). As indicated on the 
published article, the manuscript was received for publication by the journal Nature on October 
16, 2000 (see page 1063, left column), before the filing date of the Benfey provisional 
application. Thus, the present invention was invented by Applicants prior to October 16, 2000, 
and invented prior Benfey's earliest U.S. filing date. As such, Benfey is not prior art to this 
application. 

Applicants further submit that since Iwamura does not teach or suggest the present 
claims, that the Examiner has not made a prima facie case of obviousness. Therefore, Applicants 
respectfully request withdrawal of this rejection. 

VI. Conclusion 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 



1 An unexecuted copy of the Declaration is attached to this Amendment. An executed copy of the 
Declaration will be submitted in due course to complete the record. 
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The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 



overpayments to said Deposit Account. 



Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 

WASHINGTON OFFICE 

23373 

CUSTOMER NUMBER 




MarkTL. Haym; 
Registration No>5 1,793 



Date: July 6, 2004 
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We, TATSUO KAKIMOTO, MASAYUKI HIGUCHI, and TSUTOMU INOUE do hereby 
declare and state: 

THAT we are the inventors of the subject matter disclosed and claimed in the above- 

mentioned application; 

THAT we are co-authors of Nature Vol. 409, 1060-1063 (2001) (a copy of which is 
attached); and 

THAT the present invention was invented prior to October 16, 2000, as evidenced by the 
date that the manuscript published as Nature Vol. 409, 1060-1063 was received by the Journal 
Nature for publication (see page 1063, above references). Nature Vol. 409, 1060-1063 shows 
typical working examples of the present invention (see page 1061, right column, lines 15-36, and 
page 1062, Figure 4). Nature Vol. 409, 1060-1063 shows CRE1 gene, which is a typical example 
of a cytokinin receptor gene within scope of the claims. Nature Vol. 409, 1060-1063 also shows a 
yeast strain deficient in the SLNl gene (slnl A mutant) (page 1061, right column, lines 15-26), 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Sir: 
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which is a typical example of "a host cell having a lowered intrinsic histidine kinase activity, 
wherein said intrinsic histidine kinase activity was lowered by the defect in one or more histidine 
kinase genes". Furthermore, Nature Vol. 409, 1060-1063 shows a slnl A mutant carrying 
p415CYC-CREl (page 1061, right column, lines 26-27), which is a typical example of "a cell 
* transformed with DNA comprising a cytokinin receptor gene, wherein the transformed cell 
expresses said cytokinin receptor from said DNA, and wherein growth of said transformed cell is 
controlled by intracellular signal transduction from said cytokinin receptor". Moreover, Nature 
Vol. 409, 1060-1063 shows a method for determining a level of intracellular signal transduction by 
measuring growth of said transformed cell in presence of examinee substance (page 1061, right 
column, lines 28-29), and determining a second level of intracellular signal transduction by 
measuring growth of said transformed cell in absence of said examinee substance (page 1061, 
right column, lines 26-27). Nature Vol. 409, 1060-1063 further shows comparing said level and 
said second level of intracellular signal transduction from said cytokinin receptor (page 1061, 
right column, lines 26-36, and page 1062, Figure 4). Thus, Nature Vol. 409, 1060-1063 shows 
typical working examples of the claimed method for determining agonist-activity to a cytokinine 
receptor. 

We hereby declare that all statements made herein of our own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of this application or any 
patent issuing thereon. 
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Date: Name: 



TATSUO KAKIMOTO 



Date: Name: 



MAS AYUKI fflGUCHI 



Date: Name: 



INOUE TSUTOMU 
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responsive to other cytokinins, including frflns-zeatin, isopentenyl- 
adenine* benzyl adenine and the phenylurea-type synthetic cytoki- 
nin thidiazuron (see Supplementary Information). 

Next we tested the responses of crel-1 to various plant hormones 
in a root elongation assay. External application of cytokinins 11 , j 
ethylene", auxins 15 or abscisic acid 14 inhibits root elongation. The j 
root of the creJ-7 mutant was less sensitive to benzyl adenine than 
that of wild -type plants, but it responded normally to the ethylene 
precursor 1-aminocyclopropane-l-carboxylic acid (ACC) and the 
auxin indole-3-acetic add (IAA) (Fig. 2a-c). The responses of crei-J 
to low levels of abscisic acid (ABA) were slightly higher than normal 
(Fig. 2d). The cytokinin responses of creJ-J heterozygotes were j 
intermediate between those of creJ-J homozygotes and the wild i 
type (see Supplementary Information). I 

We mapped the CREl locus to the top of chromosome 2 I 
between the rga and ngall45 markers (see Supplementary Infor- 
mation). We searched the genome sequence of Arabidopsis between 
these markers for genes that could code for proteins involved in 
signal transduction. Among them was the hypothetical gene 
At2g01830, possibly coding for a histidine kinase. The nucleotide i 
sequence of At2g01830 revealed that this gene was mutated in the 
crel-1 mutant. Hereafter we refer to this gene as CREL CREl is 
identical to WOL 1 * (see below) and AHK4 (ref. 16). A genomic 
fragment containing CREl was introduced into crel-1 mutant j 
calli. Wild -type calli that had been transformed with the control ; 
vector regenerated shoots when cultured in the presence of the 
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Figure 1 Callus growth of the cytottmrHesistanl mutant crel- 1 in different auxin and 
cytokinin concentrations. Hypocotyl segments were excised and cultured on media 
containing dulerem levels of kinetin and NAA. Alter 21 days in culture, the induced calli 
were arranged and photographed. Wild-type explams (a) profiferated rapidly, turned 
green, and produced shoots in the presence of high concentrations ol cytokines. The 
crel- 1 expfents (b) old not 
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Cytokinins are a class of plant hormones that are central to the 
regulation of cell division and differentiation in plants' J . It has 
been proposed that they are detected by a two-component system, 
because overexpression of the histidine kinase gene CK11 induces 
typical cytokinin responses 3 and genes for a set of response 
regulators of two-component systems can be induced by 
cytokinins 4,5 . Two-component systems use a histidine kinase as 
an environmental sensor and rely on a phosphorelay for signal 
transduction. They are common in microorganisms, and are 
also emerging as important signal detection routes in plants 6-9 . 
Here we report the identification of a cytokinin receptor. We 
identified Arabidopsis crel (cytokinin response 1) mutants, which 
exhibited reduced responses to cytokinins. The mutated gene CREl 
encodes a histidine kinase. CREl expression conferred a cytokinin- 
dependent growth phenotype on a yeast mutant that lacked the 
endogenous histidine kinase SLN1 (ref. 10), providing direct 
evidence that CREl is a cytokinin receptor. We also provide 
evidence that cytokinins can activate CREl to initiate phosphorelay 
signalling. 

Generally, cytokinins induce cell division, chloroplast develop- 
ment and formation of shoots (buds) 1 . We screened mutagen! zed 
Arabidopsis for mutants that were impaired in cytokinin responses, 
including rapid cell proliferation and shoot formation in tissue 
culture. We isolated a mutant designated cytokinin response l-l 
{crel-1). We tested the responses of creJ-J to auxin and cytokinin in 
tissue culture, using naphthalene acetic acid (NAA) as an auxin and 
kinetin as a cytokinin (Fig. 1 ). Wild-type explants responded to 
increasing levels of kinetin with rapid proliferation, greening and 
formation of shoots (Fig. la). By contrast, such cytokinin responses 
were not evident in crel-1 (Fig. lb). The mutant was also less 
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cytokinin trans-zeatin* but crel-1 mutant calli transformed with 
the control vector did not {Fig. 3). However, mutant calli regener- 
ated shoots in the presence of fra i«-zeatin if they had been 
transformed with pGPTV-KAN-CREl (Fig. 3d), indicating that 
CREI complemented the crchl mutant. 

We screened a library of Arabidopsis complementary DNA and 
isolated the corresponding cDNA clones, which were derived 
from two types of alternately spliced message named CREla and 
CRElb. The predicted protein for CREla consists of 1,057 amino 
acids and that for CRElb has 23 extra amino acids at its amino 
terminus. The CREla product was used for further study and for 
numbering of the amino-acid residues. The carboxy- terminal 
region of CREI carries a histidine kinase domain and a receiver 
domain. Between these domains, there is another region with weak 
similarity to receiver domains. Accordfhg to the PSORT prediction 
(http://pson.nibb.ac.jp/form.html), CREI probably localizes to the 
plasma membrane. The N-terminal region probably consists of an 
extracellular domain flanked by two transmembrane segments, 
and the C~ terminal region is intracellular. We detected CREI 
message in various tissues (data not shown), but the highest 
expression was in the root' 5 . The ere)-] mutation converted 
Gly467 in the histidine kinase domain to Asp 467 (see Supple- 
mentary Information). Arabidopsis has genes for two products, 
AAF99730 (AHK3 (ref. 16) and BAB09274 (AHK2 (ref. 16), that 
share high sequence similarity to CREI, being 52% and 54% 
identical, respectively, over their entire proteins, and 61% and 60% 
identical, respectively, over their extracellular- domains. CK11 was 
less similar to CREI than these proteins (see 'Supplementary 
Information). 

We also isolated an Arabidopsis line, crel-2 t with a T-DNA (see 
Methods) insertion in the CREI gene. The integration occurred in 
the place of nine base pairs of CREI between nucleotide positions 
+75 and +34 relative to the inferred translation initiation site (see 
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Figure 2 Root growth ol the crel- 7, crei~2zrti hormone- refated mutants in the presence 
of various plant hormones. Seeds were sown on GM plates 2 * containing 8A (a), ACC (b) or 
lAAic). After chilling for three days, plates were incubated at 23 X for eight days and the 
rool lengths were measured. To determine A6A response. two-day-oid seedlings 
germinated on GM were moved onto plates containing different concentrations of ABA and 
cuJiureri for she days (d). Root growth was expressed relative to the mean root elongation 
of the same genotype on the medium without plant hormones. Each value represents the 
mean of at least 1 1 plants, crel- 1 and aflttf- J have Ler genetic background (red symbols); 
ere 1-2. ein2-1 and aur7-7have Columbia genetic background {black symbols). The root 
length of each genotype in the absence of plant hormones shown in a-d Is given in the 
Sirnpterneniary information. 



Supplementary Information). The crel -2 line, which was homo- 
zygous for the T-DNA insertion, was also resistant specifically to 
cytokinins in the root elongation assay (Fig. 2) and in the callus 
growth and shoot format ion assays (data not shown). The crcl m 2 
mutant was complemented by introduction of the CREI gene (see 
Supplementary Information). The presence of the mutation in the 
CREI gene in either of the crei-J or crel-2 mutants, and comple- 
mentation of crel- 1 and crel-2 by CREI, are definitive evidence thai 
mutations in CRE! cause the cytokinin-insensitive phenotype of the 
crel mutants. The crel mutants were allelic to the wol mutant (that 
is, the crel and wol mutants bore mutations in the same gene), 
which is impaired in cell division and proper formation of vascular 
tissue of the root 15 . The xylem organization of crel - 1 was also altered 
(data not shown). 

To explore the function of the CREI gene, we expressed CREI 
(Fig. 4) in a yeast strain deficient in the SLN1 gene, which encodes 
an osmosensing histidine kinase' 0 . At normal osmolarity, SLN1 
autophosphorylates the conserved histidine residue. The phos- 
phoryl group is then transferred to the conserved aspartate residue 
in the receiver domain of the same protein, then to the phospho- 
transfer mediator YPD1 , and finally to the SSK1 response regulator. 
This in turn inhibits the ability of SSK1 to activate the downstream 
mitogen-activated protein (MAP) kinase pathway 17 . The slnlA 
mutant is lethal because the downstream SSK1 is always dephos- 
phorylated, which overact ivates the downstream MAPK path* 
way' 0 * 17 . The slnlA mutant carrying p415CYC-CREl, which 
would express the CREI gene, was still lethal without cytokinins. 
However, surprisingly, it grew at a normal rate if rranweatin, a 
native cytokinin, was included in the medium. It is noteworthy that 
the active cytokinin trans- zeatin 1 * was effective in this, yeast system, 
but the much less active cytokinin cu-zeatin 1 " was ineffective 
(Fig. 4a). Other active cytokinins — isopentenyladenine, benzyl 
adenine and thidiazuron — were also effective. The plant hormones 
I AA, gibberellin A 3 and abscisic acid had no effect. Expression of 
CREl b, another form of alternatively spliced product, in the slhlA 
mutant gave the same results (data not shown). 

p4l5CYC-CREI did not suppress the lethality of the ypdlA 
mutant on plates either with or without cytokinins, indicating that 




Figure 3 (^implementation of crel- 1 by CPE). Wild- type calli <a. b) or cre1-1 calS (c. d) j 
were ttansformed with pSTV-KAN (a, c}or pGPTV-KAN-Cf£1 (b, d) and cultured for 
19 days with 0.5jigrnT' trsns-zesQn and 0.3 p-gmT 1 indole butyric acid (an auxin). 
Shoots regenerated from different caffi are independent trEnsfarmants. and those on the 
same callus may or may not be independent. 
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figure 4 Cytokinin-dependent growth phenotype of yeast in which SLN1 had been 
replaced with CREl a, slnlA and ypdA strains were Uansformed wflh the vector 
p41 5CYC (vector) orp41 5CYC-CRE1 (CREl). Suspensions of transformants were spotted 
onto a plate containing a plant hormone as indrcated. and galactose (+GaO or glucose 
(+Gtc). b. Effect of the mutation that was present in the Arabktopsis creh 1 mutant 
{G4670}, or of the mutation that changed the conserved His 459 or Asp 973 



I 



I | 
(LethaJ in the absence (Normal growth) 
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phosphorylation sites (H459Q or 0973N respectively). c ; The presumed events in yeast. 
CRE 1 suppresses the lethality of slnlA but not yp<}1& In the presence of cytokinins. The 
sfr)7A mutant Is lethal because the dephosphoryiated SSK1 conslituuVely activates the 
MAPK pathway. Cytokinins probably activate the histidine kinase activity of the CREl 
protein to initiate the rjhosphoretey, whereby the phosphoryl group is transferred from the 
activated CRE1 to VPD1 , then to SSK1 , suppressing the lethality of stnl&. 



signal transduction from CREl is mediated by YPD1 in yeast (Fig. 
4c )* w f nexl introduced the mutation that was present in the 
j Arabidopsis crel-1 mutant into p415CYC-CREl. The resulting 
i plasmid. p4l5CYC~CREl(G467D), could not suppress the leth- 
ality of sin] A either with or without tows-zeatin, indicating that 
the CREl gene of the Arabidopsis crel*l mutant was nonfunctional 
(Fig. 4b). Mutations at either the conserved His 459 or Asp 973 of 
the phosphorylation site in the histidine kinase or the receiver 
domains, respectively, also destroyed the ability of CREl to 
! suppress the lethality of the slnlA mutant (Fig. 4b). Therefore, 
: cytokinins probably activate the histidine kinase activity of CREl, 
| and the signal is probably transmitted through YPD1 to SSK1. 

Arabidopsis also has phosphotransfer mediators 2 " 1 , which resem- 
! ble YPD1, and response regulators 0,7 . Therefore, in plants, cyto- 
| kinins probably activate CREl and possibly its homologues, which 
: in turn initiate the phosphorelay signalling that governs cytokinin 
= responses. v 
■ In Arabidopsis? ethylene receptors 15 and possibly osmosensors 1 * 
I ar « histidine kinases, CKI1 histidine kinase has been implicated in 
' the detection or signal transduction (or both) of cytokinins 3 , but its 
« function has yet to be clarified. We have provided evidence that the 
; CREl histidine kinase is a cytokinin receptor: mutations in the 
: CREl gene caused a cytokinin-insensitive phenotype in Arabidopsis, 
and expression of CREl conferred a cytokinin-responsive pheno- 
type on yeast. The ere] and wol mutants were impaired in the cell 
: division and differentiation that is essential for proper formation of 
; the root vascular tissue 15 . This observation, coupled with our 
; data, underlines the importance of cytokinin signalling in this 
process. The CREl homologues AAF99730 and BAB09274 may 



■ 

i 

also function as cytokinin receptors, which may explain why defects i 
in CREl did not cause more diverse phenotypes related to cytokinin ! 
functions. r-j ; 

Methods 

Screening for mutants impaired In cytokinin responses j 

Seed* of A thalktta ver. Ler were mutagenued with ethyl rtmhanesulphonale* and seeds j 
obtained after self-pollination (M2 seeds) were used". Hypocotyl segments of M2 ; 
seedlings were aseptically excised and cultured on CM medium" supplemented with 
1 00 ng nil*' of 2,4-dtchlorophenoxyacctic acid (2.4-D), lOOngmT' of kinctin, aitd 
vitamins (100, 10, I, 1 and 1 |tg mT 1 , respectively, of inositol, thiamine, nicotinic acid, j 
pyridoxinc HQ and bio tin). Kinelin of this concentration is suffidem to inducecytokinin ■ 
responses in wild-type explanu. Including induction of caili with rapid growth and 
greening without forming root primordia. The top portion of the plant, corresponding to j 
each hypocotyl segment, was grown "on GM medium. CaJli with a reduced green colour I 
with many root priraordia, which usuaDy occur under low levels of kinetin, were chosen as | 
mutant candidates, and their seeds were obtained by growing the corresponding top ' 
portions. From about 19,000 M2 seedlings, one line was confirmed for the heritabUitv of I 
the alius phenotypes. Root growth was measured on GM medium supplemented with a 
plant hormone as described in Fig. 2. 

Transformation of call! ; 

i 

A genomic region encompassing the CREl gene was amplified by polymerase chain ' 
reaction (PCR) from genomic DNA of Ler using primers 5'-AGCACAATGTGAGTTT- j 
CACTGGCCTC-3' "** 5 ' - A GCTGAAGTCGTCGaCTGAGCTATaG - J \ The amplified 
fragment was digested with So/1 and cloned into the pGPTV-KAN y vector between the ' 
Stna) and Sft/1 sites. The sequence of the resultant construct. pGPTV-KAN-CR£l. was I 
confirmed and was transformed into Arabidopsis cafli by the Agmbtvteritnn- mediated ! 
method, as described*' 4 , except that hormone concentrations of GM medium* were ] 
changed to 0.5 ^g raf' 2,4-D and 0 J p.g mT 1 kinetia The tramforroed call] were cultured 
on GM medium supplemented with 50 u-g mT 1 kararaytin sulphite. 100 ng mT 1 
cefotaxime. lOOu.gmT 1 vancomycin, 0.3 u.g ml"' indole butyric acid and O.Sugmr 1 | 
fram-zratin. and the same vitamins as were used in the medium for mutant screening, f 
Other cult ure conditions were os described'. i 
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Screening for T-DNA insertion tines 

\Vr wed the T-DNA insertion' line screening system organized at I he Katusa DNA 
Research Institute. The principles of (he screening method were as described 3 . Gene- 
specific primers were 5 J -ATATCCCtATAGCGACTCTCGTACAA-3' and 5'-AAC- 
CAAAATGCArATCAATGAGCAG-J'. T-DNA fpPCVlCtJrtHPT)* specific primers were 
J -ATAACGCrCCGGACATCTACO' and 5' - ATCTAGCKHTTC ATACITCAC * 3 ' . We used 
four combination* of primer sets, each consisting of a gene specific primer and a T-DNA - 
specific primer. The position of the T-DNA insert was determined by sequencing the PGR 
products carrying the T*DNA-gcnomc junctions. 

Yeast experiments 

The entire coding region of the CRE la cDNA was PCR-amplified and cloned into the yeas! 
expression vector p4)5CYC :T under the CYC J promoter at the Sma\ site, generating 
p4 1 5CVC-CRE I . We used the QuickChangc site-directed mutagenesis kit (Slratagene) to 
generate p-il 5CYC- CRE It C467DK p4)5CYC-CREI(H«59Q) and p415CYC- 
CR£ I ( D973N ). After sequence confirmation, plasmids were introduced into sin} A {strain 
TM 182*) or ypHlA (strain SW 100"). Suspensions of traiuformanls were spotted (about 
MID cells per spot) onto drop-out media with 1 0 u.M plant hormones as indicated in Fig. 4, 
with either 2% glucose or 2% galactose. 

Rcveivcti If l Vlnher: accepted t Pevrmher 2000. 



>ktx»f_K tt Mi tier. C O. Chemical refutation nfgnmib am) organ formal Inn In rfeni tissues cultured 
in viim Symp. &v. Fxp. Bh*L II, I Ift-lM ( 19*7). 

Mr*. M C in Crtftfcwiro <ed* Mo*. D.W..S.A Mnk. M. C> 15?- 1*6 fCRC Hoc* Ralon, 1994). 
KikinvXA, T. CKI I. it hislwUne kinase homolop implicated in eytnkinin signal transduction. Sciatt 
; 27-1, 9*2-W5 tl9**>>. 

1 4. SdkaliiK-tra, H. a a/. A rrspnime-refuUlor homotogue possibly involved in nitrogen signal irans- 
; doctinn mediated by eytnkinin in maixr. Plant /. 14, 337-344 1 1 99*). 

■ 

'< .V Krjndstatier. 1. & Kieber. U I. Two genet with similarity to bacterial response regulators are rapkJIyand 

siwifkalry induced hy cvtokimn in Arabytopsii. ptam Crff 10, 1009- 1019 ( 199X1. 
. *v Mijurxv T. lti%-Asp phosphoiransfer signal transduction. /. Biachem. 123. 555-563 ( 1998). 

7. n*Agn<tiiw. I. B. S Kiebn, J. I. Phosphorcby signal tnnsduetion: the emerging family of pbni 
\ response regulator*, frruis Bfothent. Sd 24* 452-456 (1999). 

• K. Chane^C fcHT»k.S. F., BJeecker, A. R & MereiOwitz. L M. Armbirhpfu ethylene- response jene ETHl: 
i similarity of product to two-componntt repitaton. Science 262, 539-344 ( 1993). 

4. Strutter. Cm. E. & Wrecker, A. ft. Eihylene-binding si Us general ed in yeast expressing the Antbutepfii 
ETUI prnr. .^nrf 270, ITO9-I81 I 0995). 

10. Maeda,T. \VurcJer-Mun^hy,$, M. & Saitn, K. A two-component system that regulates an ounoseming 
MAP Unw caKade in yeast. Nmutt 19. 242-243 (1994). 

11. Ory. .A. U Liu. W. & Howll. S. H. Cyiokimn action b coupled to ethylene in its effects on the 
inhibition of rnni and fopacotd elongation in AmtnHapfit ihaiinim seedling*. Plaul PhjwL 107* 
1075- 1W2 | I«9M. 

. 1 2. Blecekcr. A. K. Etftfle. M. A. & Somervitte, C Inaensitmry io ethylene conferred by a dominanl 
i mutation in ArnthiUtpsit thatiatta. Science 241, 1086- 1089 ( 1 988). 

1 5. Lincoln, C, Brit ion, ). H. Ct EsieOe, M. Growth tnd development of the carl mutants of Arabhtopsit. 
| ttrnt Cjdl 2. 1071-10*0 ( 1990). 

14. Knr*rnnct< M.. Rculing. G. & Karuen, C M. The tsobuon and charanerlzaiion of absctsk acid- 
in*en*ii wx mutants of Arahuioptis thnttatai. PUpiaL Plantar 61 , 377-383 { 1984 ). 

15. ALdMnro. A. P. rial A novel two-component hybrid rnoteeulr regulates vascular morphogenesis of 
the Arafcdopsi* root. Ocna Der. 14, 2938-2943 (2000). 

it*. lU'pichi. C. Knbnrmi. H.. Suzuki, T. 6: Mmino, T. Novel fttxnry at sensor hicttdine kinase ernes in 
I AratiitUffh iMnttw. Plant CeO PhpkL (in the press). 

• 1?. Pnsas, F.etoi Xczu HOC I MAP kinase cascade is regulated by a mufttstep phospbarcJay mechanlun 
■ in the SLNI YPDhSSKl "ino-component" oxmoacrtsor. Ctf«*, 863-875 (1996). 

1$. Munm, ft. V.. Sknng. r\, Playtb. A. J. & Leonard, N. J. Qrtokinins: Synlhesh and biological actinjyof 

prt»n>oifK" jod po>ilirtu boitio* of ixaltn. PUtti Phyi'toL 50, 702-705 ( 1972). 
19. l ijiv. T. if •(/. ,\ iransntrrnbronr hybrid-iypc hiuidine kinase in ArobiJopsis btnetsom as an 

nunosemm. Phm Off 11. J 743- 1 754 ( 1999). 
-0. Mn-ata. Urao. T H YamspKhi Shinoaaki. K. ft Shmcoaki, K. Charactertzalkm of genes for r**o- 

irnmpotiem phnsphnrfioynwdtaionwithasingkHPtdcnnain in Arabtdaptit tha!'utat\\ tbBSLeiL 437, 

11-14 f 199*1. 

- 21. Suzuki. T.. tmamura, A^ Ueguetii. C & Mirano, T. Hn^tdinc-ccnlsMtng ptasphstrarufcr (HPt) 

signal iransduCcTS impticstcd in His* to- Asp phospboreby In Aeabidopsii. PLuU CeQPhyiieL 39, 1 258- 
1*68(199*1. 

! 22. Kubn. hi. & Kakknoto. T. The CYTOKWlN HTPatSEHSmVE genes cfAmbyhpsh negathrlr 

reguLrw the oifttintn-jignai ing pathtvay for cell dMsion and cfcbroptafl devetopmeirt. Plant f. 23, 
.^-WtJOOPL 

2X Pecker. (X. Kemper, E_ SchcU, I ft Masteraon, R. New binarr rcnon with selectable marker* located 
[ psinu! to the left T-DNA border. Pkitf Mel Biol 20, 1 195- 1 197 (1992). 

- N. Atama. K. er at. EAirtent Uajts&rrmattan of Arebittaptis thaflana: comparison of the emettndes with 

nrious organs. pUrA ec«rpcs and ApvbttcteriMm smina. Phut Ccti Rep. 12, 7-1 1 (1992). 
; >tck'tnner. t C ft at Sequence- based identtncaiion of T-DNA insertion mutations in Arabkhpsis: 
*am mutants 1 and act-$- 1. Pt*nt f. 8, 6 1 3-A22 ( 1 995). 

26. Hayathi. H.. Oan. I.. Luhenow, H.. Scbefl. L tt VtUden, R. Aciivsiion of a pLuu gene by T-DNA 
tagging auzm>indrpendeni growth ia nrm Virwr 258, I350-IJ53 (1992). 

27. >hxmherg. D-. MuDer. R. ft Fnruu M. Yturt vectors for the cootmOrd exprcsuoa of hrtrrnlogoro 
proieim in diflerenl prndic hadtgrouttds. (Vw 156. 1 19-122 (1995), 

I Supplementary information is available on Naturt't World- Wide Web she 

• (ruirrj/www.naturcxom) or u paper copy from the? London editorial office of Nature. 
■ 

! Acknowledgements 

: M, Hrguchi carried out most of the yeast work. We thank H. Saito for yeast strains. 



E. Kemper for pGPTV-KAN and K.Torii for comments. Seeds of obi}-}, <mxl-7*n6tm2-l 
were obtained from ABRC p4 15CYC was obtained Irom ATCC This siudy was in part 
supported by grants from the Ministry of Educattuii, Science and Culture of fapan, and 
from the Science and Technology Agency to T.K. 

Correspondence and requests for materials should be addressed in TK. 

(e-mail: lwkimoln^h to.sci.owka-u.ac.jp). The accession numhro for ORE I a and CKKlh 

are ABM9934 and AB049935. respcctiwly. 



cdc2 links the Drosophila cell cycle 
and asymmetric division machineries 
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Asymmetric cell divisions can be mediated by the preferential 
segregation of cell-fate determinants into one of two sibling 
daughters. In Drosophila neural progenitors. Inscuteable u \ Part- 
ner of lnscuteable 4,5 and Bazooka 6 * 7 localize as an apical cortical 
complex at interphase, which directs the apical-basal orientation 
of the mitotic spindle as well as the basal/cortical localization of 
the cell-fate determinants Numb M and/or Prospero 10,1 ' during 
mitosis. Although localization of these proteins shows depen- 
dence on the cell cycle, the involvement of cell-cycle components 
in asymmetric divisions has not been demonstrated. Here we 
show that neural progenitor asymmetric divisions require the 
cell-cycle regulator cdtZ. By attenuating Drosophila cdc2 function 
without blocking mitosis, normally asymmetric progenitor divi- 
sions become defective, foUing to correctly localize asymmetric 
components during mitosis and/or to resolve distinct sibling 
fates. cdc2 is not necessary for initiating apical complex formation 
during interphase; however, maintaining the asymmetric locali- 
zation of the apical components during mitosis requires Cdc2/ re- 
type cydin complexes. Our findings link cdc2 with asymmetric 
divisions, and explain why the asymmetric localization of mole- 
cules like Inscuteable show cell-cycle dependence. 

The embryonic central nervous system (CNS) of Drosophila is 
derived from progenitors called neuroblasts (NBs). NBs undergo 
repeated asymmetric divisions, budding off a scries of ganglion 
mother cells (GMCs) from their basal/lateral surfaces; GMCs can 
divide asymmetrically to produce progeny with distinct neuronal 
fates. Both the NB and GMC asymmetric divisions are mediated, in 
part, by a protein localization machinery that directs the prefer- 
ential segregation of Prospero (Pros) or Numb to the more basally 
located daughter. Mitosis is driven by activation of the Cdc2 protein 
kinase, which, during the first 13 embryonic divisions, depends on 
dephosphorylauon by the product of maternal jfrin^ (cde25) iZ,} \ 
NB divisions occur after depletion of maternal string and depend on 
zygotic string. However, NBs, although arrested at G2 of cycle 14, do 
form in embryos lacking zygotic string. In contrast, loss of zygotic 
cdc2 does not substantially affect embryonic development, and 
lethality occurs during postembryonic development 14 * 15 . 

From a mutant screen we identified two lines that exhibited 
defective localization of Pros and Inscuteable (Insc) in NBs. Genetic 
mapping, complementation and DNA sequencing revealed that the 
pheno types associated with both mutants were caused by the same 
mutation in cdc2 y resulting in a glutamic acid to glutamine change at 
amino-acid 51. Embryos homozygous for cdc2 BlQ show late 
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